Background
==========

The Institute of Medicine defines chronic pain as pain that persists for a period of three to six months or beyond the time of normal healing.[@b1-cmamd-9-2016-139] Musculoskeletal disorders are the most common source of chronic pain experienced by American adults.[@b2-cmamd-9-2016-139] In 2012, the National Health Interview Survey indicated that half of all adults (aged 18 years and over) reported suffering from a musculoskeletal condition lasting three months or longer, with higher prevalence in women and those in lower income groups.[@b3-cmamd-9-2016-139] In the United States, musculoskeletal conditions are the single most common reason for patients visiting their physicians ([Fig. 1](#f1-cmamd-9-2016-139){ref-type="fig"}). According to the data collected by the Centers for Disease Control and Prevention 2010 National Ambulatory Medical Care Survey, over 97 million American adults visited a physician for musculoskeletal-related complaints or symptoms during that year.[@b4-cmamd-9-2016-139]

Of all the musculoskeletal complaints, cervical and lumbar back pains are the most common symptoms for which adult patients seek medical intervention.[@b3-cmamd-9-2016-139] Of these, one in four individuals is 65 years or older. In 2012, between 12% and 14% of the United States population visited primary care physicians with complaints of back pain. Data indicate that the number of physician visits for pain is increasing. In 2012, more than 52.3 million patients visited a physician with symptoms of back pain, compared to 44.6 million in 2004.[@b3-cmamd-9-2016-139],[@b5-cmamd-9-2016-139] No estimation has been made of the great number of those who seek chiropractic care or physical therapy for treatment of back pain.

Joints of the upper and lower extremities are other common sites of musculoskeletal pain. Between 2002 and 2009, almost 30% of American adults reported recent symptoms of pain, aching, or swelling around a joint.[@b3-cmamd-9-2016-139] The second and third most common sites for chronic musculoskeletal pain reported by adults are knee joints and shoulder joints, which affect 40 million and 19 million people, respectively.[@b3-cmamd-9-2016-139] One in four adults aged 18--64 years report chronic joint pain from multiple joints, and among those 65 years and older, the ratio jumps to more than two in five.[@b3-cmamd-9-2016-139]

Not only are musculoskeletal conditions the most common cause of chronic pain, but they also result in significant disability in one out of every two individuals affected. In the United States, 55% of adults with joint pain have difficulty with basic activities, such as movement and sensory, emotional, and mental functioning, or have limitations in complex activities that include full participation in social, occupational, and household functioning.[@b6-cmamd-9-2016-139] In 2014, nearly 18 million adults reported that they were unable to perform at least one daily activity, such as self-care, walking, and rising from a chair due to their musculoskeletal conditions.[@b3-cmamd-9-2016-139] The disabling nature of chronic pain stemming from musculoskeletal conditions can result in isolation, disruption of social activities and relationship involvement, financial hardship, lost productivity, and potential unemployment.[@b5-cmamd-9-2016-139]

The economic impact of musculoskeletal conditions in the United States is staggering. In 2011, they cost \$796.3 billion, nearly 6% of the annual GDP.[@b3-cmamd-9-2016-139] According to the Institute of Medicine and the United States Bureau of Labor, nearly one million people take time away from work every year to treat and recover from pain or loss of function due to musculoskeletal conditions in the low back or upper extremities. In 2012, one in eight adults of prime working age reported lost work days due to a musculoskeletal condition -- totaling 216 million days.[@b7-cmamd-9-2016-139],[@b8-cmamd-9-2016-139] Such injuries are often more severe than the average nonfatal workplace injury or illness and require longer recovery time, entailing an average of nine recovery days compared to an average seven days for all other workplace injuries.[@b8-cmamd-9-2016-139]

The predictable aging of the baby boomer cohort is projected to intensify the burden of musculoskeletal disease and disorders. Currently, these disorders account for more than 50% of all chronic conditions in people older than 50 years and are the most common cause of severe, long-term pain and disability in those aged over 65 years.[@b6-cmamd-9-2016-139] The rising obesity epidemic also adds to the burden, and there is a significant positive association between musculoskeletal disorders and obesity. Increased body mass index puts a substantial stress and strain on weight-bearing joints, especially the lower back, hips, and knees, increasing the severity of musculoskeletal disorders. According to the Centers for Disease Control, obese adults receive a diagnosis of arthritis twice as often as nonobese individuals.[@b9-cmamd-9-2016-139] Obese individuals are also particularly at high risk for injuries to upper extremity joints, due to biomechanical compromises linked with higher body weight.[@b10-cmamd-9-2016-139]

The increasing prevalence and burden of musculoskeletal conditions has led to an interest in effective nonsurgical solutions, which are more cost efficient and do not have the risks or require the recovery time of surgical approaches. Prolotherapy is one such viable solution.

Prolotherapy
------------

Prolotherapy has been used in clinical practice for more than 80 years to treat various chronic musculoskeletal conditions. Formalized by Dr. George Hackett in the 1950s, prolotherapy is a practical and efficacious therapeutic strategy to treat ligamentous laxity and related musculoskeletal and arthritic conditions.[@b11-cmamd-9-2016-139],[@b12-cmamd-9-2016-139] Interest in prolotherapy has intensified over the past two decades among both physicians and patients,[@b13-cmamd-9-2016-139],[@b14-cmamd-9-2016-139] accompanied by an increasing number of published treatment outcome studies that confirm anecdotal findings that prolotherapy is effective in treating many conditions with few adverse effects, including osteoarthritis (OA),[@b15-cmamd-9-2016-139] musculoskeletal pain,[@b16-cmamd-9-2016-139] joint pain and laxity,[@b16-cmamd-9-2016-139] chronic low back pain,[@b17-cmamd-9-2016-139],[@b18-cmamd-9-2016-139] refractory lateral epicondylosis,[@b19-cmamd-9-2016-139] painful overuse tendinopathy, refractory,[@b16-cmamd-9-2016-139] disabling low back pain,[@b16-cmamd-9-2016-139] and refractory tendinopathies, and OA.[@b20-cmamd-9-2016-139]

Prolotherapy is a nonsurgical regenerative injection technique that introduces small amounts of an irritant solution to the site of painful and degenerated tendon insertions (entheses), joints, ligaments, and in adjacent joint spaces during several treatment sessions to promote growth of normal cells and tissues.[@b21-cmamd-9-2016-139]--[@b23-cmamd-9-2016-139] Irritant solutions most often contain dextrose (d-glucose), a natural form of glucose normally found in the body, but may also contain combinations of polidocanol, manganese, zinc, human growth hormone, pumice, ozone, glycerin, or phenol.[@b12-cmamd-9-2016-139] In severe cases, autologous cellular solutions may also be needed, such as platelet-rich plasma (PRP), bone marrow, or adipose tissue.[@b24-cmamd-9-2016-139] A major goal of prolotherapy in chronic musculoskeletal conditions is the stimulation of regenerative processes in the joint that will facilitate the restoration of joint stability by augmenting the tensile strength of joint stabilizing structures, such as ligaments, tendons, joint capsules, menisci, and labral tissue.[@b25-cmamd-9-2016-139]

The most common prolotherapy agent used in clinical practice is dextrose, with concentrations ranging from 12.5% to 25%.[@b20-cmamd-9-2016-139] Dextrose is considered to be an ideal proliferant because it is water soluble, a normal constituent of blood chemistry, and can be injected safely into multiple areas and in large quantity. Hypertonic dextrose solutions act by dehydrating cells at the injection site, leading to local tissue trauma, which in turn attracts granulocytes and macrophages and promotes healing. Dextrose proliferant has been approved for injection by United States Food and Drug Administration but not for prolotherapy; thus, it is currently used in prolotherapy as an off-label substance. The mechanism of action behind prolotherapy is not completely understood. However, current theory holds that the injected proliferant mimics the natural healing process of the body by initiating a local inflammatory cascade, which triggers the release of growth factors and collagen deposition. This is accomplished when induced cytokines mediate chemomodulation, which leads to proliferation and strengthening of new connective tissue, joint stability, and a reduction in pain and dysfunction.[@b21-cmamd-9-2016-139],[@b23-cmamd-9-2016-139],[@b25-cmamd-9-2016-139] [Figure 2](#f2-cmamd-9-2016-139){ref-type="fig"} is a schematic depiction of the application of the therapeutic principle of prolotherapy -- encompassing the inflammatory, proliferation, and tissue remodeling phases of the healing and restoration processes of injured ligaments/tendons.

*In vitro* studies on human fibroblasts and chondrocytes exposure to extracellular dextrose concentrations of only 0.5% have resulted in the proliferation and production of a number of growth factors, several of which are essential to the repair, structural and functional integrity, and growth of tendons, ligaments, and other soft tissues.[@b26-cmamd-9-2016-139],[@b27-cmamd-9-2016-139] These include platelet-derived growth factor,[@b28-cmamd-9-2016-139],[@b29-cmamd-9-2016-139] transforming growth factor β,[@b30-cmamd-9-2016-139] epidermal growth factor,[@b31-cmamd-9-2016-139] basic fibroblast growth factor,[@b32-cmamd-9-2016-139] insulin-like growth factor,[@b33-cmamd-9-2016-139] and connective tissue growth factor.[@b27-cmamd-9-2016-139] *In vitro* growth factors have been found to promote the expression of types 1 and 3 collagen in tenocytes and are pertinent to the growth of tendon, ligament, and cartilage.[@b32-cmamd-9-2016-139]--[@b35-cmamd-9-2016-139]

Stimulation of the production of these key growth factors for ligaments, tendons, and cartilage through dextrose prolotherapy could be an inexpensive method of growth stimulation that may prove to be cost effective for the long term.[@b35-cmamd-9-2016-139] When injected into tissue, exogenous dextrose has been found in animal and human studies to stimulate inflammatory response,[@b36-cmamd-9-2016-139] ligament size,[@b37-cmamd-9-2016-139] tendon hypertrophy,[@b38-cmamd-9-2016-139]--[@b40-cmamd-9-2016-139] extracellular matrix,[@b39-cmamd-9-2016-139]--[@b41-cmamd-9-2016-139] fibroblastic proliferation,[@b39-cmamd-9-2016-139]--[@b42-cmamd-9-2016-139] and repair of articular cartilage defects.[@b42-cmamd-9-2016-139],[@b43-cmamd-9-2016-139] When used clinically, dextrose concentrations higher than 10% operate in part through inflammatory mechanisms, while concentrations less than 10% are considered noninflammatory.[@b44-cmamd-9-2016-139]

Methods
=======

Objective
---------

The objective of this systematic review is to determine the efficacy of dextrose prolotherapy in chronic musculoskeletal pain.

Search strategy and selection criteria
--------------------------------------

A systematic review of English and non-English literature published from 1990 to January 2016 was performed using the PubMed, OmniMedicalSearch, Healthline, Medscape, Medline, and EMBASE databases. Keywords included prolotherapy, dextrose, regenerative injection therapy, and musculoskeletal pain. Medical Subject Headings (MeSH) terms included glucose/therapeutic use, intraarticular injections, glucose/administration and dosage, and sclerotherapy. Inclusion criteria were the involvement of human subjects, publication in a peer-reviewed journal, prospective study design, and use of dextrose as the sole prolotherapy proliferant. Exclusion criteria included use of prolotherapy solutions containing P2G, pumice, PRP, bone marrow, lipoaspirate, stem cells, or sodium morrhuate[a](#fn5-cmamd-9-2016-139){ref-type="fn"}; retrospective study design; or high velocity manipulation as adjunctive therapy. No lower limit was placed on sample size due to the small overall number of published trials. Non-English studies were considered if they met inclusion criteria, provided an abstract in English, and presented sufficient tabular/graphic data for data abstraction.

Rating the quality of evidence
------------------------------

The selection of instruments to assess the quality of evidence was influenced by the systematic reviews performed by Teasell et al.[@b45-cmamd-9-2016-139] and Krassioukov et al.[@b46-cmamd-9-2016-139], where both controlled and uncontrolled studies were evaluated.

The methodological quality of each study was scored with use of the Physiotherapy Evidence Database (PEDro) tool for randomized controlled trials (RCTs)[@b47-cmamd-9-2016-139] and the Downs and Black (D&B) evaluation tool for non-RCTs.[@b48-cmamd-9-2016-139] The PEDro is an 11-item scale that measures external validity (question 1) and internal validity (questions 2--11). The maximum score is 11; higher scores indicate better methodological quality, with 9--11 excellent, 6--8 good, 4--5 fair, and \<4 poor.[@b47-cmamd-9-2016-139],[@b49-cmamd-9-2016-139] The D&B tool contains 27 items that assess reporting, external validity, internal validity (bias), and internal validity (confounding) and has a maximum score of 28.[@b48-cmamd-9-2016-139] In an evaluation of 194 different instruments, the D&B tool was among six tools identified as most suitable for use in systematic reviews for assessing methodological quality in nonrandomized studies[@b50-cmamd-9-2016-139]; a further comparison of 18 tools identified the D&B as possessing the best reliability and validity to evaluate the quality of nonrandomized trials.[@b51-cmamd-9-2016-139] For this review, PEDro and D&B scores were obtained by two independent reviewers. Heterogeneity and interrater agreement between reviewers in quality scoring was not formally assessed. The level of evidence of each study was determined with a modification of Sackett's description of levels of evidence[@b52-cmamd-9-2016-139] as described in Krassioukov et al.[@b46-cmamd-9-2016-139] Accordingly, Sackett's levels of evidence were collapsed into five categories ([Table 1](#t1-cmamd-9-2016-139){ref-type="table"}).[@b53-cmamd-9-2016-139]

Efficacy studies of pain therapy typically assess change in pain intensity from baseline with patient-reported ratings, usually with the visual analog scale (VAS) or numerical rating scale (NRS). Changes in pain score sufficient for clinical relevance can be determined by applying the minimal clinically important change (MCID) criteria.[@b53-cmamd-9-2016-139] Developmental, quantification, and validation studies found that a reduction of three points represents the MCID using VAS,[@b54-cmamd-9-2016-139] a reduction of two points represents the MCID using NRS[@b54-cmamd-9-2016-139] and a decrease of ≤1.5 points with VAS and NRS represents a clinically irrelevant change in pain self-rating.[@b55-cmamd-9-2016-139],[@b56-cmamd-9-2016-139] Studies using VAS or NRS as outcome measurement were dichotomously rated as either MCID or NOT MCID. Study heterogeneity and limited RCTs in each pain subcategory prevented the aggregation of statistical data necessary to perform a meta-analysis. Studies assessing efficacy of dextrose prolotherapy for treatment of OA used the Western Ontario McMaster University Osteoarthritis Index (WOMAC; 100-point scale), which measures pain, stiffness, and functional movement.[@b57-cmamd-9-2016-139]

Although the number of published studies on prolotherapy using RCT design demonstrating high levels of evidence are becoming more common, most published research on prolotherapy has been nonrandomized prospective controlled trials, cohort studies, case--control series, case series, or single-subject case reports. Systematic reviews have largely been condition specific[@b15-cmamd-9-2016-139] or have compared different types of injection therapies within the prolotherapy milieu.[@b19-cmamd-9-2016-139] Furthermore, with the exception of one review by Sanderson and Bryant,[@b58-cmamd-9-2016-139] which is limited to dextrose prolotherapy for the management of lower limb tendinopathy and fasciopathy, no recent systematic review has been published that solely addresses the efficacy of dextrose prolotherapy for multiple areas of chronic musculoskeletal pain and includes findings provided not only from RCTs but also those stemming from less rigorous research designs. Although designated lower levels of evidence, the studies discussed here, in addition to those using RCT design, provide useful information that can assist health-care practitioners in clinical decision making.

Results
=======

Search execution and application of the inclusion/exclusion criteria identified 33 studies, including 15 RCTs, 1 case--control study, and 17 case series studies. Studies meeting inclusion were broadly clustered into four musculoskeletal pain conditions based on underlying pathophysiology and/or anatomical pain location. These included 17 studies on tendinopathies,[@b59-cmamd-9-2016-139]--[@b76-cmamd-9-2016-139] 8 studies on arthritic and degenerative conditions,[@b77-cmamd-9-2016-139]--[@b85-cmamd-9-2016-139] 7 studies on spinal and pelvic pain,[@b86-cmamd-9-2016-139]--[@b92-cmamd-9-2016-139] and 1study on myofascial pain.[@b93-cmamd-9-2016-139] MCID criteria were assessed where applicable.

In the rating of RCTs with the PEDro tool, one item was eliminated in the evaluation of two studies. In the study by Topol et al, item seven was eliminated because the sole outcome measure was a patient-administered psychometric instrument.[@b59-cmamd-9-2016-139] A summary of each reviewed study is shown in [Table 2](#t2-cmamd-9-2016-139){ref-type="table"}. Except where otherwise stated, all studies utilizing a local anesthesia injection control used an identical agent and concentration contained in the dextrose injection.

Tendinopathies
--------------

The most robust data supporting the efficacy of prolotherapy for musculoskeletal conditions, compared to control injections, are for chronic, painful overuse tendon conditions.[@b15-cmamd-9-2016-139],[@b16-cmamd-9-2016-139] Independent of location, tendinopathies from repetitive motion, and overuse injury share markedly similar characteristics.[@b70-cmamd-9-2016-139] Cases of tendinopathies in the Achilles tendon,[@b63-cmamd-9-2016-139]--[@b65-cmamd-9-2016-139] common elbow extensor,[@b67-cmamd-9-2016-139]--[@b69-cmamd-9-2016-139] and patellar tendon[@b70-cmamd-9-2016-139] possess similar histological, sonographic, and clinical features believed to represent an underlying noninflammatory painful degenerative pathophysiology.[@b94-cmamd-9-2016-139] Histopathology of tendon biopsies in patients undergoing surgery for painful tendinopathy has revealed collagen separation, thin, frayed, and fragile tendon fibrils with lengthwise separation from other fibrils, disruption in cross section, and increase in tenocytes with myofibroblastic differentiation (tendon repair cells), proteoglycan ground substance, and neovascularization.

Consensus is growing regarding the efficacy of dextrose prolotherapy as an alternative to surgery for patients with chronic tendinopathy who have persistent pain despite appropriate rehabilitative exercise.[@b95-cmamd-9-2016-139] The efficacy of dextrose injections in tendinopathy is believed to involve the initiation of a healing response secondary to cell membrane perturbation that follows a significant change in osmotic pressure between the extracellular matrix and tendon fibroblasts.[@b94-cmamd-9-2016-139] Granulocytes and platelets gravitate to the inflammatory cytokines and chemotactic factors that are released from the cell membrane, which in turn release prohealing growth factors.[@b35-cmamd-9-2016-139],[@b36-cmamd-9-2016-139],[@b40-cmamd-9-2016-139]

### Reviewed studies

Osgood--Schlatter disease. Several trials enrolled patients with athletic injury resulting in tendinopathy unresponsive to conservative treatment. In one double-blinded study, young athletes aged 9--17 years with Osgood--Schlatter disease were randomized to dextrose injection, control injection, or to a noninjection (supervised exercise) group. Dextrose prolotherapy patients had substantially greater pain reduction during sport activity than either group at follow-up, with many pain-free during sport involvement. At one year, 84% of the dextrose-treated knees were pain free compared to 46% of the lidocaine-treated knees.[@b59-cmamd-9-2016-139]

Temporal mandibular joint syndrome. Few studies have examined the effectiveness of prolotherapy for the treatment of temporal mandibular joint (TMJ) syndrome. One RCT found a significant functional improvement in TMJ patients who underwent dextrose prolotherapy compared to patients in the control group who only received injections of local anesthetic. Pain reduction, however, did not reach significance.[@b60-cmamd-9-2016-139] Another RCT compared patients treated with dextrose prolotherapy and patients given a placebo. For both groups, masticatory efficiency increased, and general pain complaints and joint sounds decreased significantly. There was no significant difference in VAS scores between groups. However, the measurements of the maximum interincisal opening among the treatment group significantly decreased.[@b61-cmamd-9-2016-139] One single case design study in which patients with TMJ were treated with injections of dextrose demonstrated decreased pain, increased quality of life as measured by the VAS, and absence of further dislocation or subluxation for more than six months.[@b62-cmamd-9-2016-139]

Achilles tendinopathy. Four studies of Achilles tendinosis were evaluated.[@b63-cmamd-9-2016-139]--[@b66-cmamd-9-2016-139] Yelland et al designed a treatment comparison study of eccentric loading exercise versus dextrose injection treatment versus combined exercise and injection to determine the best treatment for Achilles tendinosis. The VISA-A questionnaire (a valid and reliable index of the clinical severity of Achilles tendonopathy that measures the domains of pain, stiffness, function in daily living, and sporting activity) was used in this study. At 12 months, reduction in stiffness and limitation in activity was seen in 73% of the exercise only group, 79% of the injection only group, and 86% of the group treated with a combination of eccentric loading and dextrose injection. However, it is interesting to note that positive results were obtained fastest with prolotherapy alone.[@b63-cmamd-9-2016-139]

In another study, Maxwell et al injected a dextrose solution into abnormal areas in the tendon and intrasubstance partial tears (as visualized with ultrasound) in patients suffering from chronic Achilles strain. Using ultrasonographic imaging, significant reductions from baseline were found in the size of hypoechoic region in patients with midportion tendinosis, and in the size of intratendinous tear in patients with tendon thickness. In addition, pain decreased with treatment in 78% of the patients, and ultrasounds showed that the tendons became healthier as demonstrated by fewer discontinuities in the tendon and better organization of the fibers.[@b64-cmamd-9-2016-139]

Ryan et al enrolled 99 patients with chronic Achilles tendon symptoms and objective evidence of Achilles degeneration by ultrasound who had failed all previous therapies. Treatment method involved injection inside the tendon with ultrasound guidance into areas of degeneration (hypoechogenicity or tear) with 0.5 mL or less 25% dextrose in 1--3 spots at each treatment. At follow-up, improvement in pain with everyday living improved from 57% at a mean of 28 weeks into treatment to 81% at a mean of 14 months posttreatment. More change was seen by ultrasound at a mean of 28 weeks in the mid-Achilles tendinosis group with significant reductions in the size of hypoechoic regions, intratendinous tears, and neovascularization.[@b65-cmamd-9-2016-139] Lyftogt also found an absence of pain in 78.5% of their small sample of patients with Achilles tendinopathy when treated with prolotherapy.[@b66-cmamd-9-2016-139]

Lateral epicondylitis of the elbow. Three studies have demonstrated that lateral epicondylitis of the elbow is responsive to treatment with dextrose prolotherapy.[@b67-cmamd-9-2016-139]--[@b69-cmamd-9-2016-139] Scarpone et al conducted a small double-blind RCT with adults with lateral epicondylosis. The treatment group was injected at 0, 1, and 3 months with 0.72% sodium morrhuate, 10.7% dextrose, 0.29% lidocaine, and 0.04% sensorcaine. The treatment group showed significant improvement in pain levels compared with patients given saline injection with the same number of needle punctures and volume (91% versus 33%). In addition, extension strength and grip strength was markedly improved in the treatment group as well.[@b67-cmamd-9-2016-139]

Shin et al studied 84 patients with lateral epicondylitis who were treated with dextrose prolotherapy. The pain score was evaluated by using VAS before treatment and one and six months after the third treatment. Ultrasonography was performed on 49 patients who were suspicious of a tendinous tear. Dextrose prolotherapy decreased VAS from 6.79 to 2.95, which reached statistical significance.[@b68-cmamd-9-2016-139] Park et al.[@b69-cmamd-9-2016-139] achieved a significant reduction in pain with VAS from baseline patients with lateral epicondylosis as well with treatment of the lateral epicondyle with 15% dextrose. Evidence of tendon healing was observed via ultrasound imaging, manifesting as diffuse fibrillar patterns in previously anechoic lesions[@b67-cmamd-9-2016-139],[@b68-cmamd-9-2016-139] and areas of hypervascularity.[@b69-cmamd-9-2016-139]

Patellar tendinopathy. A case series conducted by Ryan et al examined whether ultrasound-guided injection of hyperosmolar dextrose for treatment of patellar tendinopathy decreased pain scores and normalized the appearance of the patellar tendon on ultrasound. Findings revealed significant reductions in pain at rest and during activity, an overall downgrading of severity in intratendinous tearing and neovascularity as evident with ultrasonography, and a significant correlation between the differences in pain and echotexture severity.[@b70-cmamd-9-2016-139]

Plantar fasciitis. Few studies have been conducted examining the effect of prolotherapy on chronic plantar fasciitis. However, Kim and Lee conducted a single-blinded, randomized, controlled study comparing autologous PRP versus dextrose prolotherapy treatments for chronic recalcitrant plantar fasciitis. Patients in both treatment groups received two injections into the plantar fascia under ultrasound guidance at an interval of two weeks. The outcome measures included the pain, disability, and activity limitation subscales measured by means of the Foot Functional Index. Each treatment seems to be effective for chronic recalcitrant PF, expanding the treatment options for patients in whom conservative care has failed. Although PRP treatment resulted better initial improvement in function compared with dextrose prolotherapy treatment, at two- and six-month follow-ups, sustained improvement was comparable in both groups.[@b71-cmamd-9-2016-139]

Groin pain. Two uncontrolled trials in athletes with chronic groin pain from osteitis pubis and/or adductor tendinopathy were conducted by Topol et al.[@b72-cmamd-9-2016-139],[@b73-cmamd-9-2016-139] The treatment consisted of monthly injections of 12.5% dextrose with 0.5% lidocaine in abdominal and adductor attachments on the pubis. Therapy yielded substantial reductions in VAS pain and Nirschl Pain Phase Scale (NPPS), a 7-point measure of sports-related symptoms and level of participation, scores and an absence of pain at follow-up in 88.8% and 83.3% of patients, respectively.[@b72-cmamd-9-2016-139] In the second study. Topol et al.[@b73-cmamd-9-2016-139] treated elite rugby and soccer players experiencing chronic groin pain with similar results in pain reduction.

Shoulder joint pain. Dextrose prolotherapy has been shown to reduce pain and disability of traumatic and nontraumatic rotator cuff conditions. A RCT conducted by Bertrand et al.[@b74-cmamd-9-2016-139] revealed that treatment of moderate to severe rotator cuff tendinopathy due to injury with injections of hypertonic dextrose on painful entheses resulted in superior long-term pain improvement and patient satisfaction compared with blinded saline injection over painful entheses, with intermediate results for entheses injection with saline. In a retrospective case--control study, Lee et al.[@b75-cmamd-9-2016-139] demonstrated dextrose prolotherapy improved in pain, disability, isometric strength, and shoulder active range of motion in patients with refractory chronic nontraumatic rotator cuff disease.

### Conclusions regarding tendinopathies

Although there is a dearth of studies on treatment with prolotherapy for these two conditions, there is strong Level 1 evidence that dextrose prolotherapy results in substantially reduced pain levels and pain-free resumption of sport activities in Osgood--Schlatter disease[@b59-cmamd-9-2016-139] and functional improvement and pain reduction in TMJ[@b60-cmamd-9-2016-139] Dextrose injections present a low-cost and safe treatment alternative with good long-term evidence for significant reduction of pain from pathology at either the insertion or midportion of the Achilles tendon, at rest and during tendon-loading activities. There is strong Level 4 evidence of statistically and clinically significant reduction in pain from baseline to follow-up in Achilles tendinosis,[@b63-cmamd-9-2016-139],[@b64-cmamd-9-2016-139] and specifically evidence of substantial and comparable pain reduction in patients with midportion or insertion site tendinopathy in Achilles tendinosis,[@b66-cmamd-9-2016-139] and somewhat greater tendon healing in patients with midportion versus insertion site tendinopathy.[@b65-cmamd-9-2016-139] There is strong Level 4 evidence of statistically and clinically significant reduction in pain from baseline to follow-up in dextrose prolotherapy treatments to lateral epicondylitis,[@b67-cmamd-9-2016-139]--[@b69-cmamd-9-2016-139] overuse patellar tendinopathy,[@b70-cmamd-9-2016-139] chronic groin pain,[@b72-cmamd-9-2016-139],[@b73-cmamd-9-2016-139] and traumatic and nontraumatic shoulder pains.[@b74-cmamd-9-2016-139],[@b75-cmamd-9-2016-139] Sonographic evidence of tendon repair and healing after dextrose prolotherapy treatments has been shown in Achilles tendinosis,[@b64-cmamd-9-2016-139],[@b65-cmamd-9-2016-139] lateral epicondylitis,[@b68-cmamd-9-2016-139],[@b69-cmamd-9-2016-139] and overuse patellar tendinopathy with a significant correlation between pain reduction and tendon healing in overuse patellar tendinopathy.[@b70-cmamd-9-2016-139] Prolotherapy has also demonstrated a good response in patients with chronic plantar fasciitis reducing pain during rest and activity[@b75-cmamd-9-2016-139]; however, further studies including a control group are needed to validate these outcomes.

OA and degenerative conditions
------------------------------

OA is characterized by progressive breakdown of articular cartilage, proteoglycan degradation, and disruption of the collagen network resulting in joint destruction and loss of function.[@b96-cmamd-9-2016-139] In addition to genetic and biochemical factors, several external factors have been associated with OA. These include sudden impact, direct trauma, overuse or repetitive motion injuries, avascular necrosis, corticosteroids, obesity, and ligamentous injury culminating in joint hypermobility and instability.[@b97-cmamd-9-2016-139] Ligament damage resulting in weakness is an important factor in the development of OA as it prevents normal distribution of weight and increases stress on the articular surfaces of the joint causing cartilage injury and joint degeneration. Ligament laxity and joint capsule disruption increases joint hypermobility and also risk of articular cartilage injury due to loss in the stabilization of joint motion by the ligament structure.[@b96-cmamd-9-2016-139]--[@b98-cmamd-9-2016-139]

Experimental studies have shown the positive effect of hypertonic dextrose in promoting direct intracellular expression of growth factors in tenocytes and fibroblasts.[@b35-cmamd-9-2016-139] Dextrose prolotherapy may also benefit those with knee OA through the stabilization of interarticular ligaments by its positive effect on joint mechanics to promote articular cartilage recovery and improvement in range of motion.[@b35-cmamd-9-2016-139],[@b44-cmamd-9-2016-139]

### Reviewed studies

Knee OA. A three-arm randomized controlled double-blinded study conducted by Rabago et al found significantly greater improvement in pain reduction, swelling, buckling episodes, and flexion range with dextrose compared with lidocaine injections or exercise. Furthermore, prolotherapy patients showed significantly greater improvement at 52 weeks than control patients.[@b77-cmamd-9-2016-139] In a recently published analysis, Rabago et al.[@b78-cmamd-9-2016-139] reported that most participants have continued to experience progressive improvement of knee pain, function, and stiffness scores at 2.5 years after the initiation of the study.

An RCT conducted by Reeves and Hassanein[@b79-cmamd-9-2016-139] revealed that patients with knee laxity treated with dextrose injections experienced significant improvement in knee flexion range and anterior displacement difference (ADD), with 61.5% exhibiting an absence of laxity as compared with the control group. A long-term open-label continuation of this trial involving the patient subgroup with knee laxity found continuity of effect with significant improvements from baseline in pain during walking and stair use, flexion range, ADD, and a similar proportion of patients with an absence of laxity at follow up.[@b80-cmamd-9-2016-139]

Dumais et al conducted a crossover study where participants were randomly assigned to receive exercise therapy for 32 weeks in combination with dextrose injections on weeks 0, 4, 8, and 12 or dextrose injections on weeks 20, 24, 28, and 32. Both groups showed significant reduction of knee OA symptoms as measured by WOMAC scores that were sustained at six-month follow-up.[@b81-cmamd-9-2016-139]

Eslamian and Amouzandeh also demonstrated the long-term effects of dextrose prolotherapy in a single-arm prospective study. Significant therapeutic effects of prolotherapy with intraarticular dextrose injection in patients with moderate knee OA were achieved. Pain severity, as measured by WOMAC scores, was reduced at rest and during activity, and articular range of motion was increased. Improvements were still present at six-month follow-up.[@b82-cmamd-9-2016-139]

In one RCT by Hashemi et al, the efficacy of dextrose versus ozone as a proliferant was compared in two groups of 40 patients suffering from mild to moderate knee OA. Both groups received intraarticular injections, and the treatment was performed three separate times at 10 days intervals. VAS and WOMAC scores at pretreatment and three months posttreatment were significantly improved for both groups, although were not statistically different between one other.[@b83-cmamd-9-2016-139]

Finger and thumb OA. A randomized control trial of patients with thumb and finger joint OA conducted by Reeves and Hassanein found significantly greater improvement among dextrose versus lidocaine patients in pain with movement, flexion motion, and joint narrowing. However, the difference in movement pain was the most impressive, reaching statistical significance with 42% versus 15% improvement.[@b84-cmamd-9-2016-139]

In a second randomized control trial of patients with thumb joint OA, Jahangiri et al.[@b85-cmamd-9-2016-139] demonstrated dextrose/lidocaine injections resulted in more favorable VAS scores and improved total function at six months compared to corticosteroid injections, which at one month were offered more pain relief than prolotherapy but without sustained benefit.

### Conclusions regarding OA/degenerative conditions

There is strong Level 1 evidence that in patients with knee OA, dextrose prolotherapy results in significant sustained improvement, including reduction of pain and swelling,[@b77-cmamd-9-2016-139]--[@b83-cmamd-9-2016-139] fewer buckling episodes, increased knee flexion range, increased lateral patellofemoral cartilage thickness, and decreased ADD and laxity.[@b78-cmamd-9-2016-139] There is Level 1 evidence demonstrating that in patients with osteoarthritic finger and thumb joints, dextrose prolotherapy results in significant improvements in pain with movement, flexion range, and joint narrowing.[@b84-cmamd-9-2016-139],[@b85-cmamd-9-2016-139] There is Level 4 evidence of significant improvements in OA-related pain, stiffness, and function in patients with knee OA[@b81-cmamd-9-2016-139] and significant improvements in pain during rest, walking, and stair use, flexion range, and ADD in OA patients with anterior cruciate ligament (ACL) laxity.[@b79-cmamd-9-2016-139]

Spinal and pelvic pain
----------------------

In approximately 90% of patients, low back pain is mechanical in nature, typically originating from overuse, straining, lifting, or bending that results in ligament sprains, muscle pulls, or disk herniation.[@b99-cmamd-9-2016-139] The popular understanding of back pain is disk herniation as a frequent cause, but to a much greater extent, ligament injury forms the underlying basis.[@b99-cmamd-9-2016-139],[@b100-cmamd-9-2016-139] Ligaments hold the disk in place, and with ligament weakness, the disk is more likely to herniate.[@b101-cmamd-9-2016-139],[@b102-cmamd-9-2016-139]

The source of low back and buttock pain as related to the sacroiliac (SI) joint is present in as many as 15%--30% of back pain patients,[@b103-cmamd-9-2016-139],[@b104-cmamd-9-2016-139] and perhaps up to 40% in patients who have had a previous lumbar fusion.[@b105-cmamd-9-2016-139] SI joint dysfunction may also produce pain similar to a herniated lumbar disk along the same sciatic nerve distribution.[@b106-cmamd-9-2016-139],[@b107-cmamd-9-2016-139] Low back pain patients who remain symptomatic despite tailored physiotherapy are believed to possess deficient ligament strength in the posterior elements of the SI joint, resulting in insufficient stability to permit effective muscle recruiting strategies.[@b108-cmamd-9-2016-139] Experimental studies have found prolotherapy effective in stimulating the production of collagen fibers, thus strengthening ligaments.[@b109-cmamd-9-2016-139]

### Reviewed studies

Discogenic leg pain. Dextrose prolother-apy has been effective in treating patients with coccygodynia pain in both case series studies and RCTs. In a prospective case series with patients experiencing advanced degenerative discogenic leg pain who had failed other treatment, Miller et al.[@b86-cmamd-9-2016-139] found that 43% showed sustained improvement with an overall reduction in NRS pain of 71%. In a case series study, Khan et al.[@b87-cmamd-9-2016-139] found that patients with coccygodynia pain experienced a substantial reduction in pain with mean VAS pain scores dropping from 8.5 at baseline to 2.5 after two dextrose injections spaced 15 days apart. Two RCTs compared the effects of dextrose and steroid injections for low back pain. In patients with SI joint pain, Kim et al.[@b88-cmamd-9-2016-139] found a significantly greater cumulative incidence of pain reduction (≥50%) in dextrose versus steroid-injected patients. In contrast, a trial conducted by Kim et al.[@b89-cmamd-9-2016-139], with brief follow-up in patients with iliac crest pain syndrome found no difference between dextrose and triamcinolone in VAS pain and disability scores; both groups showed significant pain decrease from baseline.

Hooper et al compared treatment outcomes in patients with cervical, thoracic, or lumbar pain who were involved or not involved in pain-related litigation. Both groups showed significant improvement in pain and disability with dextrose prolotherapy.[@b90-cmamd-9-2016-139] Using radiographical imaging and VAS pain scores one month following dextrose injections in six patients with traumatic cervical instability and neck pain, Cenento et al.[@b91-cmamd-9-2016-139] found that patients experienced significant pain reduction and reduction in cervical flexion and extension translation, with a correlation between differences in pain score and translation reduction. Lee et al.[@b92-cmamd-9-2016-139] performed a prospective uncontrolled trial in patients with SI pain and found a mean duration of pain reduction ≥50% of 12.2 months in patients who received dextrose injections into their SI joints.

### Conclusions regarding spinal and pelvic pain

There is Level 1 evidence that dextrose prolotherapy results in significantly greater long-term pain reduction than corticosteroid injection in patients with SI joint pain,[@b88-cmamd-9-2016-139] and Level 2 evidence of comparable short-term pain reduction versus corticosteroid injection in patients with SI pain.[@b89-cmamd-9-2016-139] There is strong Level 4 evidence of significant and comparable improvement in pain and disability between patients with chronic cervical, thoracic, or lumbar pain actively involved versus not involved in litigation.[@b90-cmamd-9-2016-139] There is Level 4 evidence of significant pain reduction and association between changes in pain level and radiographical findings in patients with post-motor vehicle accident neck pain and disability,[@b91-cmamd-9-2016-139] significant reduction in pain and disability in patients with low back and pelvic pain,[@b92-cmamd-9-2016-139] and significant pain reduction in patients with coccygodynia.[@b87-cmamd-9-2016-139]

Myofascial pain syndrome
------------------------

The theoretical basis for dextrose prolotherapy in myofascial pain syndrome (MPS) suggests that since MPS is a state of deficient energy metabolism, dextrose injection into myofascial trigger points may stimulate energy production to relieve the associated pain syndrome.[@b93-cmamd-9-2016-139]

### Reviewed Studies

In an RCT, patients received injections of dextrose 5%, saline solution, or lidocaine 0.5%. At 7 days postinjection, dextrose-treated patients were improved from baseline in pain (VAS) and pressure threshold tolerance (algometer; kg/cm^2^) (*P* \< 0.05); saline and lidocaine patients did not show improvement from baseline on either measure.[@b93-cmamd-9-2016-139]

### Conclusions regarding MPS

Improvement in pain following dextrose prolotherapy comes from Level 2 evidence.[@b93-cmamd-9-2016-139]

Discussion
==========

This systematic review identified 33 studies evaluating the efficacy of dextrose prolotherapy for chronic musculoskeletal pain. Of the studies reviewed, 14 were RCTs, 1 was a case--control study, and 18 were case series. Fifteen of the 33 studies used subjective VAS/NRS measures only. The remaining 18 studies combined subjective measures with objective measures, including imaging/biomechanical and/or psychometric measures. Collectively, these studies showed relative consistency in treatment outcome -- noteworthy considering the overall heterogeneity. Sixteen of the 18 studies reported positive consistency between subjective and objective outcomes; one study found positive subjective and objective outcomes at short-term follow-up and positive objective but not subjective outcomes at long-term follow-up; and one study reported positive outcomes on objective measures only. Both studies analyzing the association between subjective and objective outcomes reported significant correlational data. In aggregate, the studies showed wide variation in patient characteristics, study design, and outcome measurements. Grouping the studies into four musculoskeletal pain conditions based on underlying pathophysiology and/or anatomical pain location provided substantially greater homogeneity within pain groups.

The quality of evidence for the RCTs was very high with those evaluated with the PEDro tool producing scores ≥8. RCT results found that patients randomized to dextrose showed significantly greater improvement in Osgood--Schlatter disease,[@b58-cmamd-9-2016-139] rotator cuff injury,[@b73-cmamd-9-2016-139] knee OA,[@b77-cmamd-9-2016-139],[@b78-cmamd-9-2016-139] osteoarthritic finger and thumb joints,[@b84-cmamd-9-2016-139] and MPS[@b93-cmamd-9-2016-139] than patients randomized to anesthetic injection. Dextrose-treated patients also showed significantly greater improvement compared with patients randomized to saline injections in knee OA[@b82-cmamd-9-2016-139] and MPS[@b93-cmamd-9-2016-139] and with patients randomized to treatment-as-usual in Osgood--Schlatter disease[@b58-cmamd-9-2016-139] and knee OA.[@b82-cmamd-9-2016-139] In an RCT involving patients with TMJ, patients assigned to dextrose injection showed comparable subjective improvement to the anesthetic control group but significantly greater improvement on biomechanical measures.[@b59-cmamd-9-2016-139]

In RCTs comparing dextrose to corticosteroid injection, Kim et al.[@b88-cmamd-9-2016-139] found comparable pain reduction when injected into the SI joint, while Kim et al.[@b89-cmamd-9-2016-139] found superior pain reduction with dextrose. This outcome discrepancy is likely explained by the patient follow-up duration of 3 versus 15 months in Kim et al.[@b88-cmamd-9-2016-139] versus Kim et al.[@b89-cmamd-9-2016-139], respectively. A recent meta-analysis concluded that corticosteroid injection for chronic musculoskeletal pain is associated with definite short-term (\<8 weeks) benefits and worse intermediate and long-term outcomes compared with other treatment options.[@b108-cmamd-9-2016-139] Two aspects of the Kim et al's.[@b89-cmamd-9-2016-139] study warrant additional mention: the very high baseline patient pain levels \[mean ± SD VAS pain score 8.04 ± 1.17 (dextrose group) and 8.13 ± 1.28 (steroid group) (NS)\], and the superiority of dextrose injection in short-term pain relief compared with a standard therapy for moderate--severe musculoskeletal pain.

To replicate the experimental group protocol, eight RCTs utilized local anesthesia injection, four utilized saline, and one study utilized lidocaine/saline as a placebo control conditions in (other than dextrose injection). While in the narrow sense, these control conditions differ from conventional placebo in that they are not completely inert, these conditions are difficult to achieve outside of pharmaceutical trials, and this protocol fulfills a goal of placebo-control in blinding patients and investigators to treatment assignment.[@b109-cmamd-9-2016-139]

Prolotherapy for musculoskeletal pain has been in clinical use for decades but only recently has the methodological quality of the published research evolved beyond the minimum level necessary for consideration in the practice of evidence-based medicine.[@b110-cmamd-9-2016-139],[@b111-cmamd-9-2016-139] The Grading of Recommendations Assessment, Development and Evaluation (GRADE) is a widely accepted and utilized criterion for evaluating the evidence quality in treatment recommendations. The types of evidence are hierarchically ranked based on study design, with RCTs at the highest level of clinical study and uncontrolled studies at a much lower level.[@b112-cmamd-9-2016-139],[@b113-cmamd-9-2016-139] This ranking reflects the greater ability of RCTs to minimize the effect of bias and confounding factors on outcome, such that stricter experimental control can produce observed treatment effects that more closely approximate the true treatment effect, and with it a more valid inference of causality.[@b114-cmamd-9-2016-139]

Uncontrolled studies possess a greater capacity for distorted outcome reporting than RCTs given the inability to experimentally control many forms of bias and confounding factors.[@b114-cmamd-9-2016-139] However, the GRADE system also recognizes that uncontrolled studies with rigorous methodology, a large treatment effect, consistent evidence from multiple studies, and to the extent possible the ruling out of alternate explanations for positive findings possess strengths that increase the study grade and level of evidence.[@b112-cmamd-9-2016-139],[@b113-cmamd-9-2016-139] It bears mention that several therapies, such as insulin for diabetes and defibrillation for ventricular defibrillation, have been accepted as the standard of care without RCT confirmation of the results from less rigorously designed studies.[@b115-cmamd-9-2016-139],[@b116-cmamd-9-2016-139]

The GRADE system also gives consideration to the balance between the health benefits and harms of a therapy.[@b112-cmamd-9-2016-139] The reviewed studies were primarily comprised of patients with moderate to severe levels of pain and functional impairment refractory to established therapies. When outcome consistency, durability of effect, safety, lack of other treatment options, short of surgery or invasive interventional procedures, and low cost are considered, dextrose prolotherapy for chronic musculoskeletal pain surpasses this threshold.

Particular strong points in many of the uncontrolled studies serve to elevate their quality of evidence. For example, many studies combined objective measures, such as sonographic, radiographical, or biomechanical data with subjective assessment. Objective measurements were utilized and revealed positive outcomes in several uncontrolled studies, including Achilles tendinopathy,[@b64-cmamd-9-2016-139],[@b65-cmamd-9-2016-139] lateral epicondylitis of the elbow,[@b67-cmamd-9-2016-139],[@b69-cmamd-9-2016-139] knee OA,[@b79-cmamd-9-2016-139],[@b80-cmamd-9-2016-139],[@b82-cmamd-9-2016-139] finger and thumb OA,[@b84-cmamd-9-2016-139],[@b85-cmamd-9-2016-139] chronic SI/iliolumbar pain,[@b89-cmamd-9-2016-139],[@b90-cmamd-9-2016-139] and myofacial pain.[@b93-cmamd-9-2016-139] The positive findings in tendinopathies, knee OA, SI pain, and iliac crest pain were confirmed by the results of RCTs. The rigorous study design, data reporting, and clinical generalizability found in many of these studies were reflected in their D&B score. Interestingly, while many uncontrolled studies used highly stringent inclusion/exclusion criteria and extensive diagnostic screening for highly specific patient enrollment, others included patients with nonspecific pain, more closely mirroring real-world clinical practice.

Many studies assessed treatment response with VAS or NRS patient self-rating. The reliability and validity of these measures has been questioned based on the subjective nature of pain, and wide variations in patient reporting of baseline pain scores and in applying self-rating to their own pain experience.[@b117-cmamd-9-2016-139] However, no objective pain measurement exists, and VAS/NRS remains the clinical standard in assessing baseline pain level and treatment response.[@b53-cmamd-9-2016-139] Both scales are also widely used in pharmacotherapy efficacy studies; for instance, the pivotal trials of two recently approved opioid formulations for chronic moderate--severe pain, tapentadol ER,[@b118-cmamd-9-2016-139],[@b119-cmamd-9-2016-139] and hydromorphone ER[@b120-cmamd-9-2016-139],[@b121-cmamd-9-2016-139] utilized pain NRS in the assessment of primary study objectives.

Dextrose prolotherapy is a safe therapy, and few adverse events were reported in the reviewed studies. No serious or protracted complications were observed, including nerve damage, pneumothorax, and infection. Although adverse events have the potential for greater severity in the treatment of spinal and intraarticular structures, injection by an experienced prolotherapist can help mitigate this risk.[@b11-cmamd-9-2016-139] Dextrose itself is extremely safe, even with intravenous administration. In a 1998 Food and Drug Administration document, no adverse events had been reported to Abbott Labs for 25% intravenous dextrose solution in 60 years.[@b122-cmamd-9-2016-139],[@b123-cmamd-9-2016-139]

Study limitations
-----------------

The findings in this review may be influenced by publication bias, where studies reporting negative findings are not prepared, submitted, or accepted for publication. Potentially present is reference bias, where the outcomes of references obtained from secondary sources, such as review articles, meta-analyses, and practice guidelines, may be biased in the direction desired by the authors of the review article or practice guideline. It is unlikely that this review possesses reference bias, in that all reviewed studies were obtained from database searches.

Summary
=======

This systematic review evaluated 32 studies on dextrose prolotherapy for chronic musculoskeletal pain. Based on the level of evidence, quality of evidence, and factors directly and indirectly related to evidence quality including the consistency of significant reductions in pain and impairment found within pain groups, between pain groups, across uncontrolled studies between pain groups and conditions, between uncontrolled studies and RCTs in multiple specific pain conditions, between VAS/NRS outcomes and psychometric, biomechanical, and imaging outcomes within studies, the consistent statistically significant improvement in pain and functioning among patients randomized to dextrose versus control groups, the consistent achievement of clinically meaningful reductions in pain level among studies using VAS/NRS outcomes, and the absence of reported side effects other than transient injection site irritation, the following conclusions are made: dextrose prolotherapy is supported in the treatment of tendinopathies in patients who fail conservative therapies; dextrose prolotherapy is supported in the treatment of OA of the knee and finger joints in patients who do not respond to conservative therapies; dextrose prolotherapy is supported in the treatment of spinal and pelvic pain in patients who fail to respond to conservative therapies; the efficacy of dextrose prolotherapy in myofascial pain cannot be determined from a single RCT of brief follow-up duration. With inclusion limited to patients with pain \>3--6 months in the reviewed studies, the efficacy of prolotherapy for acute (\<3 months) musculoskeletal pain cannot be determined. Overall, dextrose prolotherapy has been demonstrated to be efficacious and should be considered as a treatment for pain and dysfunction associated with chronic musculoskeletal conditions, particularly tendinopaties and OA.
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###### 

Sackett's levels of evidence.[@b52-cmamd-9-2016-139]

  --------- --------------------------------------------------------------------------------------------
  Level 1   RCTs with PEDro scores ≥6
  Level 2   RCTs with PEDro scores ≤5, nonrandomized prospective controlled trials, and cohort studies
  Level 3   Case-control studies
  Level 4   Pre-test/post studies or case series
  Level 5   Observational reports, single-subject case reports, or clinical consensus
  --------- --------------------------------------------------------------------------------------------

###### 

Reviewed studies of dextrose prolotherapy in chronic musculoskeletal pain.

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  AUTHOR AND YEAR, COUNTRY, DESIGN, EVIDENCE SCORES      POPULATION AND SELECTION                                                                                                                        TREATMENT AND EVALUATION                                                                                                                                                               RESULTS
  ------------------------------------------------------ ----------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Tendinopathies**                                                                                                                                                                                                                                                                                                                                                                            

  Topol, et al. (2011)[@b59-cmamd-9-2016-139]\           Osgood-Schlatter disease\                                                                                                                       Active group: dextrose 12.5%, lidocaine 1%\                                                                                                                                            6 month follow-up (double-blind):\
  Argentina\                                             n = 54; athletes aged 9--17 years\                                                                                                              Injection control group: lidocaine 1%\                                                                                                                                                 • Greater reduction in pain with dextrose than lidocaine (*P* = 0.004) and usual care (*P* \< 0.0001)\
  Double-blind RCT\                                      In clusion:\                                                                                                                                    Noninjection control group: Usual care (supervised exercise)\                                                                                                                          • Greater reduction with lidocaine than usual care (*P* = 0.024)\
  **PEDro 10**\                                          • Anterior knee pain \>3 mo.\                                                                                                                   Injections given at 0, 1, and 2 months (double-blind)\                                                                                                                                 12 month follow-up (open-label):\
  **Level 1**                                            • Replication of pain severity and location to the tibial tuberosity during a single leg squat\                                                 At 3 months, subjects not achieving NPPS = 0 were offered monthly dextrose injections as needed (open-label) 9 lidocaine and 8 usual care patients switched to dextrose at 3 months\   • NPPS \<4 in 100% of dextrose, 92.3% of lidocaine, and 71.4% of usual care patients (dextrose vs. lidocaine, NS; dextrose vs. usual care, *P* = 0.008; lidocaine vs. usual care, NS)\
                                                         • Nonresponse to 2 mo. physiotherapy\                                                                                                           Outcome measure(s): Mean NPPS scores                                                                                                                                                   • NPPS of 0 in 84.2% of dextrose, 46.1% of lidocaine, and 14.2% of usual care patients (dextrose vs. lidocaine, *P* = 0.024; dextrose vs. usual care, *P* \< 0.0001; lidocaine vs. usual care, *P* = 0.005)
                                                         Exclusion:\                                                                                                                                                                                                                                                                                                                            
                                                         • Pain from patellofemoral crepitus or patellar origin                                                                                                                                                                                                                                                                                 

  Refai, et al. (2011)[@b60-cmamd-9-2016-139]\           TMJ\                                                                                                                                            Active group: dextrose 10%, mepivacaine 2%\                                                                                                                                            MMO in dextrose and control groups:\
  Double-blind RCT\                                      n = 12\                                                                                                                                         Control group: mepivacaine 2%\                                                                                                                                                         • Baseline: 5.03 and 4.97 (NS)\
  Egypt\                                                 Inclusion:\                                                                                                                                     4 injections in each TMJ, spaced 6 weeks apart\                                                                                                                                        • 6 weeks: 4.72 and 4.93 (NS)\
  **PEDro: 8**\                                          • Confirmation of painful subluxation or dislocation of the TMJ\                                                                                Outcome measure(s):\                                                                                                                                                                   • 18 weeks after first injection: 4.35 and 4.93 (*P* = 0.043)\
  **Level 1**                                            • Absence of medical condition that could interfere with healing                                                                                • VAS pain score\                                                                                                                                                                      • 3 months after last injection: 4.33 and 4.97 (*P* = 0.039)\
                                                                                                                                                                                                         • MMO in cm. between the incisal edges of the upper and lower incisors\                                                                                                                Pain: Steady decrease in both groups, but NS\
                                                                                                                                                                                                         • Frequency of clicking sound\                                                                                                                                                         Luxation frequency: NS\
                                                                                                                                                                                                         • Frequency of luxation                                                                                                                                                                Clicking frequency: NS

  Zhou et al. (2014)[@b62-cmamd-9-2016-139]\             TMJ\                                                                                                                                            Treatment: dextrose 50%, 0.1% lignocaine\                                                                                                                                              At ≥ 6 months post treatment 41/45 (91%) no longer had dislocation or subluxation.\
  Case series\                                           n = 45\                                                                                                                                         Outcome measure(s):\                                                                                                                                                                   Of the 41 rehabilitated patients\
  China\                                                 Inclusion:\                                                                                                                                     • Absence of dislocation or subluxation for ≥6 months after treatment                                                                                                                  • 26 (63%) required a single injection\
  **Level 4**                                            • Non-neurogenic recurrent dislocation of the TMJ                                                                                                                                                                                                                                                                                      • 11 (27%) had 2 treatments\
                                                                                                                                                                                                                                                                                                                                                                                                • 4 (10%) needed a third injection.

  Yelland et al. (2011)[@b63-cmamd-9-2016-139]           Achilles tendinosis\                                                                                                                            Treatment: glucose 20%, lgnocaine 0.1%, ropivacain 0.1%\                                                                                                                               At 12 months, proportions achieving the minimum clinically important change for VISA-A\
                                                         n = 43                                                                                                                                          Patients randomly selected for:                                                                                                                                                        • ELE - 73%

  Double-blind RCT\                                                                                                                                                                                      • Eccentric exercises only\                                                                                                                                                            • Prolotherapy only - 79%\
  Austrailia\                                                                                                                                                                                            • Prolotherapy only\                                                                                                                                                                   • Combined treatment - 86%\
  **Level 1**\                                                                                                                                                                                           • Eccentric and prolotherapy\                                                                                                                                                          Mean (95%CI) increases in VISA-A scores at 12 months were:\
  **PEDro10**                                                                                                                                                                                            Outcome measure(s):\                                                                                                                                                                   • ELE: 23.7 (15.6 to 31.9)\
                                                                                                                                                                                                         • VISA-A                                                                                                                                                                               • Prolotherapy only: 27.5 (12.8 to 42.2)\
                                                                                                                                                                                                                                                                                                                                                                                                • Combined treatment: 41.1 (29.3 to 52.9)\
                                                                                                                                                                                                                                                                                                                                                                                                At 6 weeks and 12 months - Increases were significantly less for ELE than for combined treatment.\
                                                                                                                                                                                                                                                                                                                                                                                                Compared with ELE, reductions in stiffness and limitation of activity occurred earlier with prolotherapy and reductions in pain, stiffness and limitation of activity occurred earlier with combined treatment.

  Maxwell (2007)[@b64-cmamd-9-2016-139]\                 Achilles tendinosis\                                                                                                                            Treatment: dextrose 25%\                                                                                                                                                               Mean reduction in pain scores from baseline at 12 months:\
  Canada\                                                n = 32, mean duration 28.6 months\                                                                                                              Patients injected every 6 weeks until symptoms resolved or no improvement was shown; mean injections were 4\                                                                           • At rest: 88.2% (*P* \< 0.0001)\
  Case series\                                           Inclusion:\                                                                                                                                     Outcome measure(s):\                                                                                                                                                                   • ADL: 84.0% (*P* \< 0.0001)\
  **Level 4**                                            • Failure of conservative therapy\                                                                                                              • VAS pain score\                                                                                                                                                                      • Physical activity: 78.1% (*P* \< 0.0001)\
                                                         • Pain \>3 months\                                                                                                                              • US evaluation                                                                                                                                                                        Mean decrease in tendon thickness:\
                                                         Exclusion:\                                                                                                                                                                                                                                                                                                                            11.7 to 11.1 mm (*P* \< 0.007) at 12 months Tendon neovascularity decreased in 55%
                                                         • Acute tendinitis\                                                                                                                                                                                                                                                                                                                    
                                                         • Symptoms due to acute trauma, surgery or interventional procedures in past 3 months                                                                                                                                                                                                                                                  

  Ryan et al. (2010)[@b65-cmamd-9-2016-139]\             Achilles tendinosis\                                                                                                                            Treatment: dextrose 25%\                                                                                                                                                               Mean baseline, post-test, and follow-up VAS:\
  Case series\                                           n = 99 (108 tendons), median duration 21 months\                                                                                                Injection guidance by GS or color\                                                                                                                                                     Midportion tendonosis (pain improved):\
  Canada\                                                Inclusion:\                                                                                                                                     Doppler US into abnormal hypoechoic areas and anechoic clefts or foci in the thickened portion of the Achilles tendon 1--3 sites injected per treatment session\                       • At rest: 34.1, 12.6 (*P* \< 0.001), 3.3\
  **Level 4**                                            • Pain at Achilles tendon insertion or midportion \>6 months\                                                                                   Patients received a median 5 sessions spaced a mean 5.6 weeks apart\                                                                                                                   (*P* \< 0.001)\
                                                         • Pain directly at posterior border of the calcaneus or along midportion of the tendon 2--6 cm proximal to its insertion\                       Outcome measure(s):\                                                                                                                                                                   • ADL: 50.2, 21.8 (*P* \< 0.001), 9.5 (*P* \< 0.001)\
                                                         • Documented non-response to conservative treatment\                                                                                            • VAS pain score\                                                                                                                                                                      • Physical activity: 70.7, 36.7 (*P* \< 0.001), 16.7 (*P* \< 0.001)\
                                                         Tendon locations of tendonosis:\                                                                                                                • US evaluation\                                                                                                                                                                       Insertional tendonosis (pain improved):\
                                                         • 86 midportion\                                                                                                                                Measurements at baseline, post-test and 28.6 mo. follow-up                                                                                                                             • At rest: 33.0, 18.0 (NS), 2.7 (*P* \< 0.001)\
                                                         • 22 insertion                                                                                                                                                                                                                                                                                                                         • ADL: 51.3, 29.6 (*P* \< 0.05), 10.0 (*P* \< 0.001)\
                                                                                                                                                                                                                                                                                                                                                                                                • Physical activity: 69.6, 39.8 (*P* \< 0.01), 17.7 (*P* \< 0.001)\
                                                                                                                                                                                                                                                                                                                                                                                                Baseline and post-test US findings:\
                                                                                                                                                                                                                                                                                                                                                                                                • Midportion tendiosis: Size of hypoechoic region (mm^2^) 81.60 and 52.1 (*P* \< 0.01)\
                                                                                                                                                                                                                                                                                                                                                                                                • Insertional tendiosis: Intratendinous tear size (mm) 5.3 and 1.6 (*P* \< 0.01)\
                                                                                                                                                                                                                                                                                                                                                                                                Greater reduction in grades 2 and 3 echotexture and neovascularization severity in midportion vs. insertional patients

  Lyftogt et al. (2005)[@b66-cmamd-9-2016-139]\          Achilles tendinopathy\                                                                                                                          Treatment: dextrose 20%\                                                                                                                                                               At 18-week follow-up:\
  Case series\                                           n = 16, mean duration 14 months\                                                                                                                Outcome measure(s):\                                                                                                                                                                   • 11/16 pain VAS score of 0\
  New Zealand\                                           Inclusion: x-ray confirmation                                                                                                                   • VAS pain score                                                                                                                                                                       • 14/16 satisfied with therapy
  **Level 4**                                                                                                                                                                                                                                                                                                                                                                                   

  Scarpone et al. (2008)[@b67-cmamd-9-2016-139]\         Lateral epicondylitis of the elbow\                                                                                                             Active group: 50% dextrose/5% sodium morrhuate/4% lidocaine/0.5% sensorcaine/saline\                                                                                                   Active group vs. Contols:\
  United States\                                         n = 24\                                                                                                                                         Control group: 0.9% saline\                                                                                                                                                            Improved pain scores (4.5 ± 1.7, 3.6 ± 1.2 and 3.5 ± 1.5 versus 5.1 ± 0.8, 3.3 ± 0.9 and 0.5 ± 0.4 at baseline, 8 and 16 weeks, respectively);\
  Double-blind RCT\                                      Inclusion: ≥6 months duration refractory lateral epicondylosis                                                                                  Three 0.5 mL injections at the supracondylar ridge, lateral epicondyle and annular ligament at baseline, 4 and 8 weeks.\                                                               At 16 weeks, differences were significant compared to baseline scores within and between groups (*P*\<.001).\
  **Level 1**\                                                                                                                                                                                           Outcome measure(s):\                                                                                                                                                                   Active group improved extension strength compared to Controls (*P* \< 0.01) and grip strength compared to baseline (*P* \< 0.05)\
  **PEDro10**                                                                                                                                                                                            • Resting elbow pain (0--10 Likert scale)\                                                                                                                                             Clinical improvement in Active group maintained at 52 wks.
                                                                                                                                                                                                         • Extension and grip strength\                                                                                                                                                         
                                                                                                                                                                                                         Each was performed at baseline, 8 and 16 weeks. One-year follow-up included pain assessment and effect of pain on activities of daily living                                           

  Shin et al. (2002)[@b68-cmamd-9-2016-139]\             Lateral epicondylitis of the elbow\                                                                                                             Treatment: dextrose 15%\                                                                                                                                                               Mean pain scores at baseline and 6 mo. were 6.79 and 2.95 (*P* \< 0.01)\
  South Korea\                                           n = 84\                                                                                                                                         Patients received 3 injections spaced 2 months apart\                                                                                                                                  9 mo. follow-up (n = 71) pain scores same/improved in 80.2%, increased in 19.7%\
  Case series\                                           Inclusion: US confirmation                                                                                                                      Outcome measure(s):\                                                                                                                                                                   Greater pain reduction in patients without (7.08 to 2.16) vs. with partial tendinous tear (6.9 to 3.67; *P* \< 0.01)
  **Level 4**                                                                                                                                                                                            VAS pain score                                                                                                                                                                         

  Park et al. (2003)[@b69-cmamd-9-2016-139]\             Lateral Epicondylitis of the elbow\                                                                                                             Treatment: dextrose 15%\                                                                                                                                                               At mean 5.8 month follow-up:\
  Case series\                                           n = 11\                                                                                                                                         Patients received 2--6 injections\                                                                                                                                                     VAS decreased a mean 4.5 points\
  South Korea\                                           Inclusion:\                                                                                                                                     Outcome measure(s):\                                                                                                                                                                   1 tendon--a few echogenic lines in initially anechoic lesion\
  **Level 4**                                            • Partial (n = 11) tear or full thickness but incomplete width tear (n = 1) of common extensor tendons                                          Change in:\                                                                                                                                                                            3 tendons--most of anechoic lesion filled with fibrillar echogenicity except for a small anechogenic focus\
                                                                                                                                                                                                         • Echogenicity (GS US)\                                                                                                                                                                2 tendons--initial anechoic lesion became same sized hypoechoic lesion with diffuse fibrillar pattern\
                                                                                                                                                                                                         • Tendon fibrillar pattern (GS US)\                                                                                                                                                    6 tendons--initial anechoic lesion smaller, with diffuse fibrillar pattern\
                                                                                                                                                                                                         • Vascularity (color Doppler US)\                                                                                                                                                      Hypervascularity in 6 of 11 tendons
                                                                                                                                                                                                         • Pain (VAS)                                                                                                                                                                           

  Ryan et al. (2011)[@b70-cmamd-9-2016-139]\             Overuse patellar tendonopathy\                                                                                                                  Treatment: dextrose 25%\                                                                                                                                                               Mean pain scores at baseline and 45 weeks:\
  Case series\                                           n = 47, mean duration 21.8 months\                                                                                                              Under US guidance, injections given into abnormal hypoechoic areas and anechoic clefts/foci in the thickened portion of the patellar tendon\                                           • At rest, 38.4 and 18.7 (*P* \< 0.01)\
  Canada\                                                Inclusion:\                                                                                                                                     Patients received a median 4 injections 6.4 weeks (mean) apart\                                                                                                                        • ALD: 51.1 and 25.8 (*P* \< 0.01)\
  **Level 4**                                            • Failure of standard-of-care therapy\                                                                                                          Outcome measure(s):\                                                                                                                                                                   • Sports activity: 78.1 and 38.8 (*P* \< 0.01)\
                                                         • Confirmation by palpation and\                                                                                                                • VAS pain score\                                                                                                                                                                      Change in pain scores during rest, ADL and sport activity correlated with change in echotexture severity (*r* values 0.306, 0.379 and 0.428, respectively; *P* \< 0.05)\
                                                         US                                                                                                                                              • US evaluation                                                                                                                                                                        General improvement in echotexture and neovascularity severity was found

  Topol et al. (2008)[@b72-cmamd-9-2016-139]\            Chronic groin pain\                                                                                                                             Treatment: dextrose 12.5%\                                                                                                                                                             Mean scores at baseline and 26 month follow-up (mean):
  Case series                                            n = 72 athletes, mean duration                                                                                                                  Patients received a mean 2.7                                                                                                                                                           

  Argentina\                                             11 months\                                                                                                                                      treatments.\                                                                                                                                                                           VAS, 6.47 and 1.18 (*P* \< 0.001)\
  **Level 4**                                            Inclusion:\                                                                                                                                     Outcome measure(s):\                                                                                                                                                                   NPPS, 5.13 and 1.06 (*P* \< 0.001)\
                                                         • Chronic groin pain from osteitis pubis and/or adductor tendinopathy\                                                                          • VAS pain score\                                                                                                                                                                      At follow-up, 66/72 (91.6%) had fully resumed sport activities; all but 2 of these were pain-free
                                                         • nonresponse to conservative therapies                                                                                                         • NPPS assessment of pain-related athletic avoidance                                                                                                                                   

  Topol et al. (2005)[@b73-cmamd-9-2016-139]\            Chronic groin pain\                                                                                                                             Treatment: dextrose 12.5%\                                                                                                                                                             Mean scores at baseline and 17 month follow-up (mean):\
  Case series\                                           n = 24, mean duration 15.5 months\                                                                                                              Patients received a mean 2.8 treatments.\                                                                                                                                              • VAS, 6.3 and 1.0 (*P* \< 0.001)\
  Argentina\                                             Inclusion:\                                                                                                                                     Outcome measure(s):\                                                                                                                                                                   • NPPS, 5.3 and 0.8 (*P* \< 0.001)\
  **Level 4**                                            • Chronic groin pain from osteitis pubis and adductor tendinopathy                                                                              • VAS pain score\                                                                                                                                                                      20 of 24 reported an absence of pain at follow-up
                                                                                                                                                                                                         • NPPS assessment of pain-related athletic avoidance                                                                                                                                   

  Bertrand et al. (2016)[@b74-cmamd-9-2016-139]\         Chronic shoulder pain\                                                                                                                          Enthesis-Dex group: 25% dextrose, 0.1% lidocaine/saline\                                                                                                                               At 9-month follow-up the Enthesis-Dextros Group:\
  Canada\                                                n = 73\                                                                                                                                         Entheis-Saline group: 0.1% lidocaine/saline\                                                                                                                                           Maintained greater improvement in pain 59% ≥2.8 VAS compared with Enthesis-Saline (37%; *P* = .088) and Superficial-Saline (27%; *P* = .017).\
  Double-blind RCT\                                      Inclusion:\                                                                                                                                     Superficial-Saline group: injection 0.5- to 1-cm depth with 0.1% lidocaine/saline\                                                                                                     Had greater satisfaction: 6.7 ± 3.2 compared with Enthesis-Saline (4.7 ± 4.1; *P* = .079) and Superficial-Saline (3.9 ± 3.1; *P* = .003).\
  **Level 1**\                                           • Examination findings of rotator cuff tendinopathy\                                                                                            All participants received 3 monthly injections to painful entheses at and concurrent programmed physical therapy.\                                                                     USPRS findings were not different between groups (*P* = .734).
  **PEDro10**                                            • US conformation of supraspinatus tendinosis/tear                                                                                              Outcome measure(s):\                                                                                                                                                                   
                                                                                                                                                                                                         improvement in maximal current shoulder pain ≥2.8 (twice the minimal clinically important\                                                                                             
                                                                                                                                                                                                         difference for VAS pain); USPRS; 0-to-10 satisfaction score (10, completely satisfied)                                                                                                 

  Lee et al. (2015)[@b75-cmamd-9-2016-139]\              Chronic shoulder pain\                                                                                                                          Active group: dextrose 16.5%.\                                                                                                                                                         Compared with the control group, the active group showed significant improvement at 1-year follow-up in:\
  South Korea\                                           n = 151\                                                                                                                                        Control group: conservative treatment\                                                                                                                                                 • VAS score\
  Retrospective case\                                    Inclusion:\                                                                                                                                     Outcome measure(s):\                                                                                                                                                                   • SPADI score\
  controlled series\                                     • Non-traumatic refractory rotator cuff disease\                                                                                                • VAS score of shoulder pain level for the past 1 week;\                                                                                                                               • Isometric strength of shoulder abductor\
  **Level 3**                                            • Unresponsive to 3 months of aggressive conservative treatment                                                                                 • SPADI score\                                                                                                                                                                         • Shoulder AROM of flexion, abduction, and external rotation
                                                                                                                                                                                                         • Isometric strength of the shoulder abductor\                                                                                                                                         
                                                                                                                                                                                                         • AROM of shoulder\                                                                                                                                                                    
                                                                                                                                                                                                         • Maximal tear size on ultrasonography\                                                                                                                                                
                                                                                                                                                                                                         • Number of analgesic ingestions per day                                                                                                                                               

  Ryan et al. (2009)[@b76-cmamd-9-2016-139]\             Plantar fasciitis\                                                                                                                              Treatment: dextrose 25%\                                                                                                                                                               Mean pain scores at baseline and 18 week follow-up:\
  Canada\                                                n = 20, median 21 months duration Inclusion:\                                                                                                   Injections into plantar fascia\                                                                                                                                                        • At rest, 3.7 and 1.0 (*P* \< 0.001)\
  Case series\                                           • Symptoms \>6 months\                                                                                                                          Injections were given at 6 week intervals; median of 3 treatments per patient\                                                                                                         • With walking, 7.5 and 2.5 (*P* \< 0.001)\
  **Level 4**                                            • Non-response to conservative treatment\                                                                                                       Outcome measure(s):\                                                                                                                                                                   • With running, 9.2 and 3.9 (*P* \< 0.001)\
                                                         Exclusion: acute plantar foot pain, surgery or interventional procedures in last 6 months                                                       VAS pain score                                                                                                                                                                         No change in mean pain score from 18 week to 11.8 month (mean) follow-up

  **Osteoarthritis and Degenerative Conditions**                                                                                                                                                                                                                                                                                                                                                

  Rabago et al. (2011)[@b77-cmamd-9-2016-139]\           Knee osteoarthritis\                                                                                                                            Active group: dextrose 15% and dextrose 25%\                                                                                                                                           WOMAC composite score: no significant difference between groups\
  United States\                                         n = 89\                                                                                                                                         Injection control group: saline\                                                                                                                                                       WOMAC score, adjusted for gender, age and BMI: greater reduction in mean dextrose (15.32) than saline (7.68) (*P* \< 0.05) and exercise (8.25) (*P* \< 0.05) scores\
  3-way double-blind\                                    Inclusion:\                                                                                                                                     Noninjection control group: exercise instruction\                                                                                                                                      Mean KPS scores in dextrose subjects showed greater improvement per injected knee relative to baseline status (*P* \< 0.001) and compared to both control groups (*P* \< 0.05)
  RCT\                                                   • ARA criteria moderate-severe knee osteoarthritis\                                                                                             Injections at 1, 5, and 9 weeks, and weeks 13 and 17 as needed.\                                                                                                                       
  **PEDro 9**\                                           • \>3 months duration                                                                                                                           Extra-articular injections at periarticular tendon and ligament insertions (dextrose 15%), with 1 intra-articular injection (dextrose 25%) through an infero-medial approach.\         
  **Level 1**                                                                                                                                                                                            Patients received a mean 4.3 injection sessions\                                                                                                                                       
                                                                                                                                                                                                         Outcome measure(s):\                                                                                                                                                                   
                                                                                                                                                                                                         • OA-related pain, function and stiffness (WOMAC)\                                                                                                                                     
                                                                                                                                                                                                         • Knee pain severity and frequency (KPS)                                                                                                                                               

  Reeves & Hassanein (2000)[@b79-cmamd-9-2016-139]\      Knee osteoarthritis with/without ACL laxity\                                                                                                    Active group: 10% dextrose, xylocaine 0.075%\                                                                                                                                          6 month follow-up (dextrose vs. control):\
  United States\                                         n = 77\                                                                                                                                         Control group: xylocaine 0.075%\                                                                                                                                                       Greater improvement in dextrose vs. control group in pain, swelling, buckling episodes, and knee flexion range (*P* = 0.015 for all)\
  Double-blind RCT\                                      Inclusion:\                                                                                                                                     Tibiofemoral injections\                                                                                                                                                               12 month follow-up (dextrose vs. baseline):\
  **PEDro 10**\                                          • ≥ grade 2 joint narrowing or ≥ grade 2 osteophytic change in any knee compartment\                                                            Patients received 3 bimonthly injections; dextrose-injected patients then received 3 further bimonthly injections under open-label conditions\                                         Improvement found in lateral patellofemoral cartilage thickness (*P* = 0.019) and distal femur width in mm (*P* = 0.021).\
  **Level 1**                                            • pain duration ≥6 months                                                                                                                       Outcome measure(s):\                                                                                                                                                                   Knees w/joint laxity showed improved knee flexion range (+12.8 degrees, *P* = 0.005) and ADD (57%, *P* = 0.025).\
                                                                                                                                                                                                         • VAS pain and swelling scores\                                                                                                                                                        8/13 dextrose-treated knees with ACL laxity at baseline no longer lax at 1 year
                                                                                                                                                                                                         • Goniometric measurement of joint flexion,\                                                                                                                                           
                                                                                                                                                                                                         • KT1000 measurement of ADD\                                                                                                                                                           
                                                                                                                                                                                                         • US                                                                                                                                                                                   

  Reeves & Hassanein (2003)[@b80-cmamd-9-2016-139]\      ACL laxity in patients with knee osteoarthritis\                                                                                                Treatment: dextrose 10% and dextrose 25%\                                                                                                                                              VAS at baseline and 12 months:\
  United States\                                         n = 18\                                                                                                                                         Injections of dextrose 10% at months 0, 2, 4, 6, and 10, dextrose 25% at month 12, then dextrose 10% or 25% every 2--4 months through month 36 according to patient preference\        • Pain during rest, 2.31 and 1.56 (NS)\
  Case series\                                           Inclusion:\                                                                                                                                     Outcome measure(s):\                                                                                                                                                                   • With walking, 4.19 and 2.50 (*P* = 0.004)\
  **Level 4**                                            • Laxity with ADD ≥2 mm measured by KT1000 arthrometer\                                                                                         • VAS pain and swelling scores\                                                                                                                                                        • With stair use, 5.88 and 4.06 (*P* = 0.022)\
                                                         • Duration \>6 months                                                                                                                           • Goniometric measurement of joint flexion\                                                                                                                                            • Swelling, 2.75 and 1.31 (NS)\
                                                                                                                                                                                                         • KT1000 measurement of ADD                                                                                                                                                            VAS at baseline and 36 months:\
                                                                                                                                                                                                                                                                                                                                                                                                • Pain at rest, 2.31 and 1.25 (NS)\
                                                                                                                                                                                                                                                                                                                                                                                                • With walking, 4.19 and 2.38 (*P* = 0.002)\
                                                                                                                                                                                                                                                                                                                                                                                                • With stair use, 5.88 and 3.82 (*P* = 0.007)\
                                                                                                                                                                                                                                                                                                                                                                                                • Swelling, 2.75 and 1.00 (*P* = 0.017)\
                                                                                                                                                                                                                                                                                                                                                                                                Biomechanical assessments:\
                                                                                                                                                                                                                                                                                                                                                                                                Flexion range: 111.88, 125.94 at 12 months (*P* = 0.001), 122.38 at 36 months (*P* = 0.002) ADD: 2.88, 1.32 at 12 months (*P* = 0.023), 0.82 at 36 months (*P* = 0.002)\
                                                                                                                                                                                                                                                                                                                                                                                                At 36 months, normal ADD in 10 of 14 knees

  Dumais et al. (2012)[@b81-cmamd-9-2016-139]\           Chronic knee osteoarthritis\                                                                                                                    Treatment: dextrose 20%, lidocaine 0.5%\                                                                                                                                               Group A:\
  Randomized\                                            n = 36\                                                                                                                                         Random assignment:\                                                                                                                                                                    • 0--16 weeks - significant change in WOMAC indicating decrease in symptoms (mean ± standard deviation: −21.8 ± 12.5, *P* \< 0.001).
  Crossover\                                             Inclusion:\                                                                                                                                     Group A: exercise therapy for 32 weeks in combination with injections inside the                                                                                                       
  Study                                                  • Pain duration ≥6 months\                                                                                                                                                                                                                                                                                                             
                                                         • Age ≥18 years                                                                                                                                                                                                                                                                                                                        

  Canada\                                                • Able to execute exercises                                                                                                                     knee joint on weeks 0, 4, 8, and 12\                                                                                                                                                   • 20--30 weeks - no significant change in WOMAC scores (−1.2 ± 10.7, *P* = 0.65).\
  **Level 1**                                                                                                                                                                                            Group B: exercise therapy for 32 weeks in combination with injections inside the knee joint on weeks 24, 28, and 32 (Group B)\                                                         Group B:\
                                                                                                                                                                                                         Outcome measure(s):\                                                                                                                                                                   • 0--16 weeks - no significant change in WOMAC scores (−6.1 ± 13.9, *P* = 0.11).\
                                                                                                                                                                                                         Change in WOMAC scores between weeks 0 and 16; and weeks 20 and 36                                                                                                                     • 20--30 weeks - significant change in WOMAC indicating decrease in symptoms (−9.3 ± 11.4, *P* = 0.006).\
                                                                                                                                                                                                                                                                                                                                                                                                \>36 weeks - W\
                                                                                                                                                                                                                                                                                                                                                                                                OMAC scores improved in both groups by 47.3% (A) and 36.2% (B). The improvement attributable to RIT alone corresponds to a 11.9-point (or 29.5%) decrease in WOMAC scores.

  Eslamian & Amouzandeh (2015)[@b82-cmamd-9-2016-139]\   Moderate knee osteoarthritis\                                                                                                                   Treatment: dextrose 20%\                                                                                                                                                               At baseline:\
  Iran\                                                  n = 24\                                                                                                                                         Injections given at baseline, 4 weeks, 8 weeks\                                                                                                                                        • Mean AROM (105.41 ± 11.22°)\
  Case series\                                           Inclusion: female                                                                                                                               Patients were followed for 24 weeks.\                                                                                                                                                  • Mean VAS scale at rest (8.83 ± 1.37)\
  **Level 4**                                                                                                                                                                                            Outcome Measure(s):\                                                                                                                                                                   • Mean VAS scale at activity (9.37 ± 1.31)\
                                                                                                                                                                                                         • VAS pain scale\                                                                                                                                                                      Week 24:\
                                                                                                                                                                                                         • AROM\                                                                                                                                                                                • Mean AROM increased by 8°\
                                                                                                                                                                                                         • WOMAC\                                                                                                                                                                               • Mean VAS scale at rest decreased in 45.89% (*P* \< 0.001)\
                                                                                                                                                                                                         Measurements made at baseline, 4, 8, and 24 weeks later.                                                                                                                               • Mean VAS scale at activity decreased in 44.23%, (*P* \< 0.001)\
                                                                                                                                                                                                                                                                                                                                                                                                • Total WOMAC decreased by 30.5 ± 14.27 points (49.58%) (*P* \< 0.001)\
                                                                                                                                                                                                                                                                                                                                                                                                Improvements of all parameters were considerable until week 8, and were maintained throughout the study period.

  Hashemi et al. (2015)[@b83-cmamd-9-2016-139]\          Mild to moderate knee osteoarthritis\                                                                                                           Active Group 1: dextrose 12.5%, lidocaine 1%\                                                                                                                                          Active Groups 1 and 2:\
  Iran\                                                  n = 80\                                                                                                                                         Active Group 2: 15 g/mL of ozone-oxygen mixture, lidocaine 1%\                                                                                                                         • Mean VAS decreased (*P* \< 0.001)\
  Double-blind RCT\                                      Inclusion: Diagnosis of knee osteoarthritis (clinical examination and anteroposterior standing radiography)                                     Injections given 3 times at 7 to 10 day intervals.\                                                                                                                                    • WOMAC increased (*P* \< 0.001\
  **PEDro 9**\                                                                                                                                                                                           Outcome Measure(s):\                                                                                                                                                                   • No significant difference between the two groups
  **Level 1**                                                                                                                                                                                            • VAS pain scale\                                                                                                                                                                      
                                                                                                                                                                                                         • WOMAC                                                                                                                                                                                

  Reeves & Hassanein (2000)[@b84-cmamd-9-2016-139]\      Osteoarthritic finger joints\                                                                                                                   Active group: dextrose 10%, xylocaine 0.075%\                                                                                                                                          6 month follow-up:\
  United States\                                         n = 27; average pain duration \>4 years\                                                                                                        Control group: xylocaine 0.075%\                                                                                                                                                       • Greater improvement in dextrose vs. control groups in pain with movement (*P* = 0.027); other comparisons NS\
  Double-blind RCT\                                      Inclusion:\                                                                                                                                     Injections performed 0, 2, and 4 months after enrollment, data obtained\                                                                                                               • Greater improvement in flexion range in dextrose vs. control group (*P* = 0.003)\
  **PEDro 10**\                                          • Moderate osteophytosis\                                                                                                                       6 months after first injection\                                                                                                                                                        12 month follow-up:\
  **Level 1**                                            • Moderate joint space narrowing\                                                                                                               After 6 months, patients in both groups offered bimonthly dextrose 10% injection\                                                                                                      • Dextrose group showed difference from baseline in joint narrowing (*P* = 0.006)\
                                                         • Mild osteophytosis plus mild joint space narrowing\                                                                                           Patient attrition: 4/13 active, 3/14 control group\                                                                                                                                    • All other comparisons NS
                                                         • Pain duration ≥6 months                                                                                                                       Outcome measure(s):\                                                                                                                                                                   
                                                                                                                                                                                                         • VAS pain scale\                                                                                                                                                                      
                                                                                                                                                                                                         • Goniometric measurement of joint flexion\                                                                                                                                            
                                                                                                                                                                                                         • X-ray imaging of joint repair                                                                                                                                                        

  Jahangiri et al. (2014)[@b85-cmamd-9-2016-139]\        Osteoarthritic finger joints\                                                                                                                   Active group: dextrose 20%, lidocaine 2%\                                                                                                                                              At 1 and 2 month follow-up results were more favorable among control group than active group participants.\
  Iran\                                                  n = 60\                                                                                                                                         Control group: 40 mg methylprednisolone acetate (0.5 ml), lidocaine 2%\                                                                                                                At 6 months outcome was more favorable for active group \[mean difference (95% CI) in VAS = 1.1 (0.2, 2.0), *P* = 0.02\].\
  Double-blind RCT\                                      Inclusion:\                                                                                                                                     Outcome measure(s):\                                                                                                                                                                   After 6 months of treatment, both study and control groups increased functional level, but study group seemed to be more effective \[mean difference (95% CI) in total function score = 1.0 (0.2, 1.8), *P* = 0.01\]
  **PEDro 9**\                                           • \>40 years of age\                                                                                                                            VAS pain score\                                                                                                                                                                        
  **Level 1**                                            • history of pain in first carpometacarpal joint \>3 months\                                                                                    Hand function and strength of lateral pinch grip\                                                                                                                                      
                                                         • Pain intensity VAS \>30 at baseline\                                                                                                          Measured at baseline, 2 and 6 months after the treatment                                                                                                                               
                                                         • radiographic evidence of OA                                                                                                                                                                                                                                                                                                          

  **Spinal and pelvic pain**                                                                                                                                                                                                                                                                                                                                                                    

  Miller et al. (2006)[@b86-cmamd-9-2016-139]\           Discogenic leg pain\                                                                                                                            Treatment: dextrose 25%\                                                                                                                                                               n = 37 non-responders (\<20% pain reduction); n = 6 temporary (\<2 months) responders\
  Case series\                                           n = 76, mean duration 39 months Inclusion:\                                                                                                     Dextrose solution injected into disc space; patients received a mean 3.5 injections into a mean 1.7 discs\                                                                             Of 33 sustained responders, mean (SD) pain scores at baseline, 2 month, and 18-month follow-up:\
  **Level 4**                                            • Moderate to severe degenerative disc disease without herniation\                                                                              Outcome measure(s):\                                                                                                                                                                   8.9 (1.4), 2.5 (2.0), and 2.6 (2.2)\
                                                         • Concordant pain reproduction with CT discography\                                                                                             • Mean NRS pain rating                                                                                                                                                                 Mean overall pain improvement: 71%
                                                         • Normal neurological exam\                                                                                                                                                                                                                                                                                                            
                                                         • Nonresponse to 6 months of conservative treatment                                                                                                                                                                                                                                                                                    

  Khan et al. (2008)[@b87-cmamd-9-2016-139]\             Coccygodynia\                                                                                                                                   Treatment: dextrose 25%\                                                                                                                                                               Baseline pain score: 8.5\*\
  India\                                                 n = 37\                                                                                                                                         2 injections into sacro-coccygeal joint 15 days apart; those with VAS pain score \>4 given 3rd injection 4 weeks later\                                                                Pain score after 1st injection: 3.4\
  Case series\                                           Inclusion:\                                                                                                                                     Outcome measure(s):\                                                                                                                                                                   Pain score after 2nd injection: 2.5\
  **Level 4**                                            • Nonresponse to conservative therapy for \>6 months\                                                                                           VAS pain scores                                                                                                                                                                        n = 7 little-no improvement\
                                                         Exclusion: Posttraumatic and post-delivery coccygodynia, sacro-coccygeal subluxation, coccygeal spicule, organic bony pathology on radiograph                                                                                                                                                                                          n = 30 good pain relief\
                                                                                                                                                                                                                                                                                                                                                                                                \*patients w/previous steroid injection (n = 27) had baseline pain score 8.8

  Kim WM, et al. (2010)[@b88-cmamd-9-2016-139]\          Sacroiliac joint pain\                                                                                                                          Active group: dextrose 25%, levobupivacaine 0.25%\                                                                                                                                     2-week follow-up:\
  South Korea (in English)\                              n = 48\                                                                                                                                         Control group: triamcinolone 40 mg, levobupivacaine 0.25%\                                                                                                                             Significant improvement in both groups, no significant difference between active and control\
  Double-blind RCT\                                      Inclusion:\                                                                                                                                     Biweekly intraarticular injections into intra-articular SI, up to 3 injections\                                                                                                        15 month follow-up:\
  **PEDro 9**\                                           • Pain origin confirmed by pain reduction ≥50% to intraarticular SI joint block with levobupivacaine 0.25%\                                     Outcome measure(s):\                                                                                                                                                                   Cumulative incidence of ≥50% pain reduction:\
  **Level 1**                                            • Following SI block response, non-response to 1 month of medical treatment\                                                                    NRS pain scores\                                                                                                                                                                       Dextrose: 58.7% (95% CI 37.9%--79.5%)\
                                                         Exclusion: Cancer, fractures, inflammatory arthritis, infection, fibromyalgia, active litigation                                                Oswestry (2 weeks only)                                                                                                                                                                Steroid: 10.2% (95% CI 6.7%-27.1%)\
                                                                                                                                                                                                                                                                                                                                                                                                Between-groups difference *P* \< 0.005

  Kim HS, et al. (2007)[@b89-cmamd-9-2016-139]\          Iliac crest pain syndrome\                                                                                                                      Active group: dextrose 20%, 1% lidocaine\                                                                                                                                              3 month follow-up:\
  South Korea\                                           n = 44                                                                                                                                          Control group: triamcinolone, lidocaine\                                                                                                                                               Both groups improved in pain, disability and pressure threshold scores (*P* \< 0.05)\
  Double-blind RCT\                                                                                                                                                                                      Weekly injection for 4 weeks\                                                                                                                                                          No significant difference between groups on any measure at any follow-up interval
  **Level 2**                                                                                                                                                                                            Outcome measure(s):\                                                                                                                                                                   
                                                                                                                                                                                                         • Mean change from baseline in VAS pain\                                                                                                                                               
                                                                                                                                                                                                         • Oswestry\                                                                                                                                                                            
                                                                                                                                                                                                         • Pressure threshold (algometer, kg/cm^2^)                                                                                                                                             

  Hooper et al. (2011)[@b90-cmamd-9-2016-139]\           Chronic cervical, thoracic or lumbar pain\                                                                                                      Active treatment: dextrose 20%\                                                                                                                                                        At baseline, litigants compared to\
  Canada\                                                n = 71 litigants (mean pain duration 2.1 years)\                                                                                                Injections into the facet capsules of the cervical, thoracic, lumbar spine\                                                                                                            non- litigants:\
  Case series\                                           n = 76 non-litigants (mean pain duration 6.3 years)\                                                                                            Patients received weekly injections for up to 3 weeks, and 1 month later if needed\                                                                                                    • Higher disability scores (*P* = 0.001)\
  **Level 3**                                            Inclusion:\                                                                                                                                     Outcome measure(s):\                                                                                                                                                                   • More multiple regions affected\
                                                         • Demonstration of laxity on stress testing in spinal, iliolumbar, or sacroiliac ligaments\                                                     • NDI\                                                                                                                                                                                 • More cervical and thoracic regions affected (*P* \< 0.0001)\
                                                         • Pain \>6 months\                                                                                                                              • PSFS\                                                                                                                                                                                • Shorter mean symptom duration (*P* \< 0.0001)\
                                                         • Nonresponse to conventional therapies                                                                                                         • RMDQ                                                                                                                                                                                 1-year follow-up:\
                                                                                                                                                                                                                                                                                                                                                                                                Both litigants and non-litigants improved in all disability scales (*P* \< 0.001).\
                                                                                                                                                                                                                                                                                                                                                                                                Percentage of litigants vs. non-litigants reporting improvement:\
                                                                                                                                                                                                                                                                                                                                                                                                • Impression of change scales for symptoms (91/92%) and function (90/90%)\
                                                                                                                                                                                                                                                                                                                                                                                                • Improved ability to work (76/75%)\
                                                                                                                                                                                                                                                                                                                                                                                                • Willingness to repeat treatment (91/93%)\
                                                                                                                                                                                                                                                                                                                                                                                                • Ability to decrease medication (82/81%)\
                                                                                                                                                                                                                                                                                                                                                                                                • Decreased need for other treatment (80/84%)\
                                                                                                                                                                                                                                                                                                                                                                                                Litigants showed greater improvement in treatment of the thoracic spine (*P* \< 0.05)

  Centeno et al. (2005)[@b91-cmamd-9-2016-139]\          Neck pain\                                                                                                                                      Treatment: dextrose 12.5%\                                                                                                                                                             Pain scores, baseline and 1 month:\
  United States\                                         n = 6\                                                                                                                                          Injections targeted instability sites including the spinous processes, lamina, and posterior elements\                                                                                 5.75 and 3.83 (*P* = 0.04)\
  Case series\                                           Inclusion:\                                                                                                                                     Outcome measure(s):\                                                                                                                                                                   Significant correlation between changes in pain scores and translation (rho = 0.88, *P* = 0.02),\
  **Level 4**                                            • ≥50% pain reduction and \>2.7 mm absolute cervical translation with 2-day cervical immobilization\                                            • Mean changes from baseline in VAS pain scores\                                                                                                                                       Significant correlation between changes in flexion and translation (rho = 0.94, *P* \< 0.01)
                                                         • Post-MVA cervical instability, neck pain and disability\                                                                                      • Radiographic findings                                                                                                                                                                
                                                         • Pain/disability \>6 months\                                                                                                                                                                                                                                                                                                          
                                                         • Failure to respond to conservative therapy\                                                                                                                                                                                                                                                                                          
                                                         Exclusion: previous neck injury, connective tissue disease, arthritis or diabetes I or II                                                                                                                                                                                                                                              

  Lee et al. (2009)[@b92-cmamd-9-2016-139]\              Low back and pelvic pain\                                                                                                                       Treatment: Dextrose 25%\                                                                                                                                                               Mean (range) NRS scores: (*P* \< 0.01)\
  South Korea\                                           n = 22, mean duration\                                                                                                                          Injections every other week for 3 weeks\                                                                                                                                               Baseline: 6 (4--8)\
  Case series\                                           39.8 months\                                                                                                                                    Outcome measure(s):\                                                                                                                                                                   10 weeks: 1(0--3)\
  **Level 4**                                            Inclusion:\                                                                                                                                     • Mean changes from baseline in NRS pain scale\                                                                                                                                        Mean (SD) Oswestry scores (*P* \< 0.01)\
                                                         • Sacroiliac pain confirmed by ≤50% pain reduction with local anesthetic block                                                                  • Oswestry                                                                                                                                                                             Baseline: 34.1 (15.5)\
                                                                                                                                                                                                                                                                                                                                                                                                10 weeks: 12.6 (9.8)\
                                                                                                                                                                                                                                                                                                                                                                                                Mean duration of pain reduction ≥50% was 12.2 months

  **Myofascial Pain Syndrome**                                                                                                                                                                                                                                                                                                                                                                  

  Kim MY, et al. (1997)[@b93-cmamd-9-2016-139]\          Myofascial pain syndrome\                                                                                                                       Active group: dextrose 5%\                                                                                                                                                             Change in VAS pain score:\
  South Korea\                                           n = 64                                                                                                                                          Control group: lidocaine 0.5%\                                                                                                                                                         Dextrose: 6.87 and 2.39 (*P* \< 0.01)\
  Double-blind RCT\                                                                                                                                                                                      Control group: saline\                                                                                                                                                                 Saline: 6.50 and 3.85 (NS)\
  **Level 2**\                                                                                                                                                                                           Outcome measure(s):\                                                                                                                                                                   Lidocaine: 6.95 and 4.05 (NS)\
  **PEDro 8**                                                                                                                                                                                            • Mean changes from baseline at 7 days in VAS pain score\                                                                                                                              Pressure threshold tolerance:\
                                                                                                                                                                                                         • Pressure threshold (algometer, kg/cm^2^)                                                                                                                                             Dextrose: 1.79 and 2.49 (*P* \< 0.05)\
                                                                                                                                                                                                                                                                                                                                                                                                Saline: 1.70 and 1.91 (NS) Lidocaine: 1.75 and 2.07 (NS)
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** ACL, anterior cruciate ligament; ADD, anterior displacement difference; ADL, activities of daily living; AROM, active range of motion; BMI, body mass index; CI, confidence interval; CT, computerized tomography; GS, gray scale; KPS, Knee Pain Scale; MMO, maximum mouth opening; MVA, motor vehicle accident; NDI, Neck Disability Index; NPPS, Nirschl Pain Phase Scale; NRS, Numeric Rating Scale; NS, not significant; OA, osteoarthritis; Oswestry, Oswestry Disability Index; PEDro, Physiotherapy Evidence Database; PRS, Pain Rating Scale; PSFS, Patient Specific Functional Scale; RMDQ, Roland-Morris Disability Questionnaire; SD, standard deviation; SI, sacro-iliac; SPADI, Shoulder Pain and Disability Index; TMJ, temporomandibular joint; US, ultrasound; USPRS, Ultrasound Shoulder Pathology Rating Scale; VAS, Visual Analog Scale; VISA-A, Victorian Institute of Sports Assessment; WOMAC, Western Ontario Macmaster University Osteoarthritis Index.
